Introduction
It is well recognised that the diffusion of increasingly drug resistant bacteria indicates a need for new antibiotics. The difficulty of designing new drugs can be overcame, as short-term measure, by modifying the characteristics of currently available antibiotics [1] , by exploiting the fact that a lot of them can serve as metal ion ligands [2] . The bioavailability, membrane permeability [3] and distribution within the cell may thus be modified. Several groups have carried out work in this area; the present report concerns an apparently unique case which may be the precursor of a significant advance. A triazole ligand (1) which forms a complex with the Ag(I) ion (2) and, apparently, no other ion, to give a complex stable in aqueous media is reported. Closer investigation reveals that the complex contains Ag⋅⋅⋅π interactions with phenyl ring, and this presumably is the origin of its uniqueness. The role of Ag-N and Ag-O bonds in antimicrobial and antifungal activities have been explored [4] , as well as the importance of Ag-C sigma bond [5] , while the effect of Ag⋅⋅⋅π interaction in the same context has not yet been reported. We have checked the antibiotic activity of both the ligand 1 and the complex 2. Whilst both the Ag(I) ion and the ligand 1 independently have antibacterial properties, in vitro the complex has a behavior that is more than the sum of its parts. † Triazoles are an important class of heterocyclic compounds. In particular, fused 1,2,4-triazoles 3,4 (Scheme 1) may express antifungal, [6] bactericidal, [6, 7] anxiolytic, [8, 9] anticonvulsant [10] or herbicidal activities, [11] and can act as antidepressants [12] .
Consequently, versatile and widely applicable methods for the synthesis of 3 and 4 are of considerable interest. Most methods are based on heterocyclic hydrazones or hydrazides as precursors.
Scheme 1
However, these methods have restricted applicability and use reagents such as lead tetraacetate, [13, 14] bromine, [14, 15] or phosphorus oxychloride [13] which it is better to avoid. Syntheses involving chloramine T [16] , (diacetoxy)iodobenzene [17, 18] or electrochemical methods [19] have also been introduced. Recently, 
Scheme 2
We recently reported a new method for the synthesis of 8 and 9 in a single step, which involves the reaction of 3-benzyl-2-hydrazinoquinoxaline 6, or 1-hydrazinophthalazine hydrochloride 7 with chlorouronium salts 5, to afford the 1,2,4-triazole derivatives 8 and 9 in good yield and purity (Scheme 3) [23] .
Scheme 3
In the present work we describe the synthesis of 4-Benzyl-1-(N, Ndimethylamino)-[1, 2, 4]triazolo[4,3-a]quinoxaline (1) using Tetramethylfluoroformamidiniumhexafluorophosphate (TFFH, 10, Scheme 4) [24, 25] . 1 reacts with silver nitrate to give the new complex (Ag 2 L(NO 3 ) 2 ) n 2, which has been appropriately characterized. 
TFFH, 10

Scheme 4
The ligand, L, 1, studied in this work
We have made a detailed study of complexes of Ag(I) with several ligands [26] , but the ligand 1 is particularly interesting because it does not seem to form complexes with common metal (we have not succeeded in preparing any complex in aqueous media, other than the complex with Ag(I)). Apart from the question of the specific interaction of 1 with the silver ion, there is a more important question about the role played by silver in bio-active systems. Since the antiquity, it has been known that metallic silver has an antibacterial action (although this aspect is controversial) [27] . At present, ceramic candles impregnated with colloidal silver are widely used in remote tropical areas to purify drinking water, and there is commercial production of broad-band silver additives which can be used for totally differing items, like food or clothing; in a completely different context, the silicone heart valve contains a silver-impregnated sewing ring, designed to reduce the incidence of prosthetic valve endocarditis [28] . The presence of silver has been found to make antibiotics orders of magnitude more effective against gram-negative bacteria [29, 30] . Studies in this area have shown an enhanced antibiotic activity of the silver complexes by respect both the free ligand (antibiotic) or the silver ion itself. However, there is some uncertainty about the active species, attributable to two main problems. First, the biological environment may contain a variety of potentially complex-forming cations, that will be in competition with the silver ion for the antibiotic ligand. Second, unless there were a very large antibiotic enhancement it might be overlooked (the silver ion complex would normally be rather labile). Therefore, even if there were an enhancement due to the silver ion, the concentration of the silver complex present would be too low to be evident. With the lack of this evidence, possible small changes of the ligand that might enhance the relative stability of the silver complex have never been studied. Thirdly, the biological environment is often a reducing one, and it is possible that silver complexes may be reduced to metallic silver. This, of course, may have a bioactive effect, but usually this is attributed to the low concentration of Ag(I) ions arising from metallic silver. The present work is particularly relevant to the first of these problems. It seems that in aqueous media the ligand 1 forms water-stable complexes only with the silver ion. It is therefore possible to be confident that any observed enhancement of bioactivity results from the presence of the silver complex.
Results and discussion
Organic Ligand (1)
The room temperature single crystal X-ray structure analysis of the organic ligand, 3a] quinoxaline, shows that it crystallizes in the triclinic system, space group P¯1 and contains dimeric π-π stacked species in the unit cell. The dimeric unit is shown in Figure 1 and the collection data detailed in Table 2 . The mechanism of dimerization is indicated in Figures 2 and 3 . Figure 2 shows the packing of the dimeric units whilst the detail of Figure 3 indicates that the mechanism of dimerization is due to weak Van der Waalsbonding between the H atoms of dimethylamino groups and the π electron system of phenyl rings. 3.085 Ǻ) significantly shorter than the sum of the van der Waals radii of silver and oxygen (3.24 Ǻ), or silver and carbon (3.42 Ǻ).
Ag(1) has a much less distorted tetrahedral geometry. A nitrate oxygen links it to Ag(2) and it is also bonded to a nitrogen of two different ligand molecules thus forming a zig-zag 1D chain ( Figure   5 ). However, particularly interesting is the observation that Ag(1) bonds to the carbon of a phenyl group ( Figure 6 ). This is a long, but surely real, bond (Ag(2)-C (13) Another interesting aspect of the crystal structure of (2) is that it is accompanied by only a small distortion of the ligand. The heterocyclic backbone of this molecule is rigid; only the rotation around the sigma bond axes of the benzyl and the dimethylamino group, respectively, to the heterocyclic ring system allows some adaption to the requirements for a successful formation of complexes with metal atoms. Figure 7 illustrates the conformation of (1) in the crystal structures of the pure ligand and of the silver complex. It shows clearly that the major differences between the three molecules are mainly due to the rotation of the benzyl group. [37]. It should be noted that although the bonding of the Ag(I) in the present species conforms to the general geometric pattern [38] , its participation in extended bonding seems unusual. This interaction sets Ag apart from all of the other cations that we have studied and which failed to form complexes with 1. Whether it is responsible for the enhancement of biological activities observed is impossible to say, although this possibility suggests a direction for future enquiry. Another contribution to the enhanced biological activity of the silver species is that the complex formed contains two silver ions, not one. These two ions are not independent but are linked, not only through the ligand, where they are bonded to adjacent nitrogens, but also through the oxygen of a nitrate group.
As we have noted, Ag(1) is linked to a nitrogen of a separate ligand. This is the feature which leads to a polymeric structure in the solid but neither it nor the nitrate bridges can be expected to persist in aqueous solution. Clearly, the relationship between solid and solution structures of the complex becomes relevant. Here, the available relevant evidence comes from the NMR data, which indicate the persistence of either the complex or an immediately derived species in solution. In that, the complex contains two chemically different Ag(I) ions, and it cannot be assumed that they behave in the same way in the transition from solid to solution. So, it is possible that one Ag, probably Ag(1), remains complexed whilst the other is free in solution. Even so, the species present in the dilute aqueous solutions used in the actual measurements may differ from those in the NMR measurements and here the most relevant data perhaps comes from the biological measurements themselves, which indicate that the complex persists.
Antimicrobial activity
The Minimum Inhibition Concentrations (MIC) of 1 and 2 were determined and compared with 17 antibiotics used for treatment of the infections reported in the experimental part; the obtained data are reported in aureus, K. pneumoniae and P. mirabilis (MIC = 6, 4, and 4 µg/ml, respectively).
The question to be addressed is whether there is evidence that the behaviour of the complex differs from that expected from the additive effects of Ag(I) and the ligand (that is, the `complete dissociation´ limit). The problem is complicated by the preliminary nature of the measurements, standard deviations are not available Table 1 . Minimum inhibitory concentration (MIC) for 1 and 2 against multi drug-resistant diabetic foot bacteria (those in the Table not given ATCC numbers) compared with a number of commercial antibiotics. Roman superscript numbers indicate the generation of the antibiotic.
* Ag(l) ions are known to be toxic and with a very short half-life in body fluids. They are also partially precipitated during the course of the bioassay.
Experimental Material and instrumentation
Silver nitrate was purchased from Aldrich Company. All other chemicals were of analytical grade quality and were used as received. Elemental analyses for C, H and N were carried out using a Perkin-Elmer analyser; Ag(I) was determined with a Perkin Elmer Analyst 300 AAS atomic absorption spectrometer. Infrared spectra The differences in chemical shifts between ligand and complex are to be noted; these differences are important because they Kappa CCD single crystal diffractometer with graphite monochromator using MoKα (λ = 0.71073Å). The intensities were collected at room temperature using a φ-ω scan mode; the crystal to detector distance was 40 mm. Further details are given in Table   2 . The cell refinement and data reduction were carried using Denzo and Scalepak's programs [43] . Multiscan absorption corrections were applied to all data sets using the program SORTAV [44] . The were refined anisotropically, before hydrogen atoms were introduced in a riding model with C-H = 0.96Å and refined isotropically. The data collection up to 50° in 2theta has been skipped by the operator of the diffractometer since there have been only a very small number of significant reflections in the range between 45-50 °; probably due to the room temperature measurement. Low temperature data collection were temporarily not available for these measurements.The Molecular graphics were prepared using the Diamond 3.0 program [46] . Crystallographic and refinement data are summarized in Table S1 . Tables S2 and S3 list selected bond distances and angles for compounds 1 and 2, respectively.
Biological measurements.
Determination of Minimum Inhibitory Concentration (MIC).
Antimicrobial activities of the organic ligand 1 and complex 2 were The structural analysis underlined the importance of the Ag + -π bonds in the complex formation, and it will be of importance to check for the existence of this bonding in all related species that may be prepared. The structure of the complex 2 and the solution data suggest that the silver ion may be capable of a succession of weak bonding interactions along a molecular framework which enable it to gain a unique access to cellular structure and which lead to eventual cell death. That is, the Ag + -π and dispersion interactions involving the silver ion in biological systems could prove to be of real importance.
